ABSTRACT
INTRODUCTION
This study aims to document the relevance of trade linkages in shaping the landscape of Malaysian manufacturing, by focusing on its influence on employment, particularly skilled labour demand. We empirically test the significance of every aspect of trade, particularly vertical trade 1 , international outsourcing (importing inputs), and export of goods as well as foreign ownership (FDI) as underlying forces for the changes in skill demand for the Malaysian electrical and electronics (E&E) industries within the period from 2000 to 2005. This study is crucial, particularly for policy implications regarding the association of Malaysian trade and the composition of labour demand in the manufacturing sector.
From 1990s to the present, the E&E sector has contributed more than 60% to the country's manufacturing exports. Based on data from Department of Statistics Malaysia (DOSM), exports of E&E sector from the manufacturing sector were 65.7% in 1995 and increased to 72.5% in 2000. The contribution remained high at 65% from 2005 onwards. The E&E industries have been the country's top import and export sector. In 2015, it constituted 35.6% and 29.4 % of total exports and imports, respectively of Malaysia. In comparison, in 2014, the products contributed 33.5 and 27.9 % to total exports and imports, respectively. Indeed, the large volume of overlapping exports and imports indicate the high intensity of vertical trade in these industries.
Vertical trade or international production sharing is a strategic action whereby firms disintegrate their productions by segmenting or slicing up the production process into several stages and relocating one or several fragments to another location or country (cross-border sourcing). The motivations are cost efficiency strategies, i.e. by relocating tasks where factor prices are relatively cheaper (Heckscher-Ohlin (H-O) theory), or where the skill-intensity is more suitable or appropriate for certain tasks due to skill differences across countries (Ricardian model).
Based on World Integrated Trade Solution (WITS) database, nearly 50% of Malaysia's total exports and imports are with the developed countries, namely Japan, US and EU. Within the cone of production with developed trading partners, according to the neoclassical trade, trade openness would raise the relative demand for Malaysia's unskilled labour, i.e. the country's relatively abundant factor. On the contrary, Feenstra and Hanson (1995) showed that trade in intermediate goods or vertical trade should have positive impact on skilled labour demand for both developed and developing countries. In addition, trade and FDI can act as channels for technological upgrading by providing access to technology and global markets, as well as spillover effects from interactions with more developed countries; which in turn increases the relative demand for skilled workers.
In early 2000s, data from DOSM showed that the intensity of skilled labour in E&E sector was still low, yet the relative demand for skilled labour had gradually increased. Therefore, how do trade linkages affect the skill demand for Malaysian E&E firms' labour market? The possible association of these two phenomena has not been well explored. Specifically, this article aims to analyse which aspect of trade matters in explaining the changes in relative demand for skilled workers within establishments of Malaysian E&E industries. Ultimately, we seek to provide the answer of whether trade linkages lead to skill upgrading or downgrading for E&E establishments in Malaysia.
Empirical evidences on the association of international trade and skills demand reveal both rising wage inequality and skill intensity in manufacturing industries for both developed and developing countries 2 . Opposing the prediction of H-O model that suggests sector-biased changes in relative demand, the changes in relative demand for skilled workers is characterised as factor-biased. As stated by Berman et al. (1994) , Berman et al. (1998) and Strauss-Kahn (2004) , the factor-biased changes reveal that changes in the relative demand for skilled workers occur within the industry or firms 3 . Studies on the skilled demand effect of international production sharing mainly focus on the manufacturing sector at a high level of aggregation 4 . Only recently, studies started to utilise the firm-level data (see Bernard & Jensen 1997; Head & Ries 2002; Görg & Hanley 2005) . Moreover, previous studies on the issues mainly focused on developed countries. Current evidences show that all countries in the world are involved in vertical trade, including the developing countries. This new form of trade is more intensive in Asia, especially the East Asian countries, and has exceeded the growth rates of trade in final goods (Ahn et al. 2008; Athukorala & Menon 2010) . Nevertheless, studies that investigated the association of international outsourcing and skill demand for developing countries were focused on the Latin American countries 5 . Recently, several authors are beginning to examine the skills effect of trade linkages using the Asian countries' 6 data. However, almost all the above mentioned studies focused only on imported inputs to measure the intensity of fragmentation trade. These studies seemed to ignore the trends of large volume of overlapping exports and imported inputs within the industries.
This article seeks to contribute to the empirical literature in the following ways. It will be presenting new empirical evidence at establishment-level data for developing countries, particularly within ASEAN region using most disaggregated level trade data 7 . We extend the previous literature by analysing the vertical trade effects on skilled workers demand in addition to other standard trade variables. The vertical trade of output (VTQ), establishment-level index, by Khalifah and Azhar (2014) is able to capture the overlapping of exports and imported inputs within the firms and improves the limitation of previous studies that relied on industry-level data and Input-Output Tables to estimate the share of  imported inputs 8 . Furthermore, we are able to study the intensity of foreign ownerships effect on skill demand, while previous studies controlled for foreign ownerships status by using dummy variable due to limitation of data. Analysis in this article focuses on E&E sector which departs from previous studies that pooled data across industries; hence, ignoring trade linkages effect on relative skill demand within firms for specific industries. To the best of our knowledge, there are limited studies that empirically examine the effect of trade linkages on relative demand for Malaysian skilled workers focusing on E&E industries, particularly using establishment-level data 9 . We specifically aim to examine (i) which type of trade is significant in explaining changes in skill intensity, and (ii) in what manner that particular trade types influence changes in the skill-intensity, induce skill upgrading or skill downgrading, and (iii), results in both (i) and (ii) enable us to basically identify whether the changes in skill intensity are characterised as sector-biased or factor-biased effects (Geishecker & Görg 2005) .
The remainder of this paper is organised as follows: the next section reviews the theoretical and empirical literature on the association of trade linkages and relative labour demand. In Section 3 we discuss the data and measurement, while the empirical strategy is explained in Section 4. In Section 5 we present the empirical results. Finally, the last section discusses the conclusion of this study. Feenstra and Hanson (1995) claimed that foreign investment and outsourcing activities by the developed MNCs have increased the relative wages for skilled workers in both developed and developing countries. Developed countries outsource the unskilled-intensive fragments to developing countries. The activities transferred to developing countries will be relatively more skilled worker intensive than those formerly produced in those developing countries. However, less skilled-worker intensive than those currently produced in the developed countries. The model also suggests that the changes in relative demand occur within-industries, towards factorbiased effects.
LITERATURE REVIEW
Using the traditional trade framework at a disaggregate level, Arndt (1997; claimed that the effect of international outsourcing on relative wages depends on the factor intensity of the outsourced fragments. In this multi-sector model, sector-biased effects matter. If outsourcing occurs in some unskilled intensive industries, it will increase the relative wages for unskilled workers. On the contrary, if outsourcing activities involve high-skilled intensive industries, the relative wages for high-skilled workers would increase. Furthermore, rigidity in wages, immobility in inter-industries movements of workers as well as inadequate changes in outputs, act as restraints in the labour market to fully adjust to any structural change (Egger et al. 2001) .
Empirical evidences on skills demand effect of outsourcing, measured by share of imported input in total inputs, provide a consensus on the positive association between the two variables. In general, studies show that outsourcing the low skill fragments of the production chain to the low-wage countries or less-developed countries reduces the relative demand or wages for unskilled workers in the developed countries. Feenstra and Hanson (1995; 1996; focused on U.S. manufacturing labour markets in 1980s. Using different measures of international outsourcing (respectively, import penetration ratio, share of imported intermediate inputs in the total purchase of non-energy materials, and the narrower index of outsourcing), results for all three studies found that international outsourcing increases the cost share of non-production (skilled) labour for U.S. industries. Yamashita (2010) who replicated Feenstra and Hanson (1999) , constructed a new measure of outsourcing based on trade in parts and components (P&C) in SITC trade data relative to total intermediate inputs. Estimation results using 48 U.S. manufacturing industries suggested that only import of intermediate inputs from developing countries was significant in increasing wage inequality in the U.S. for the period [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . Similarly, Anderton and Brenton (1999) found similar results for U.K.'s industries within the period [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] . Using data for 4-digit textiles (unskilled intensive) and non-electrical machinery (skilled intensive) industries, estimation suggested that only the imported input from low-wages countries pushed down the relative demand for lessskilled labour. The study also implied that unskilledintensive sectors are more affected by outsourcing than higher-skill sectors. Anderton, Brenton and Oscarsson (2002) also explored this issue on U.K. (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) , USA (1970 USA ( -1993 , Sweden (1970 Sweden ( -1993 and Italy (1973 Italy ( -1995 . Results of the panel data analysis also confirmed that imports from low-wage countries significantly increased wage inequality and relative employment of high skill workers in those countries.
Recently, studies have diverted to developed countries in Europe and Asian countries. Strauss-Kahn (2004) studied the impact of vertical specialization on changes in relative demand for unskilled workers in France within the period from 1977 to 1993. Estimation result revealed that vertical specialization is significant in explaining the decline in the within-industry share of unskilled workers in French manufacturing employment. Helg and Tajoli (2005) suggested that outward processing trade, a narrow measure of production sharing, consistently increased the relative demand for skilled workers for Italy, but had no influence on Germany's labour demand in 1990s. Geishecker and Görg (2008) , also focused on Germany within the period 1991-2000 and combined the household survey database and industry-level outsourcing activities to analyse the effects of outsourcing on wages. Estimation results also suggested that outsourcing has negative effects on unskilled workers. Head and Ries (2002 ) employed 25-year (1965 -1990 ) panel data set for over 1000 Japan manufacturing firms and specifically examined the electronics industry as a special case of extensive foreign production. Yamashita (2008) , constructed a measure of fragmentation intensity using the trade data on P&C (focusing on SITC 7 and SITC 8) over the period 1980-2000. The expansion of fragmentation trade with East Asia (developing countries) significantly upgraded the skills of Japanese manufacturing employment, while fragmentation trade with OECD (developed countries) had a skill downgrading effect. Agnese (2012) also focused on industry-level data. However, the study analysed both materials as well as services offshoring activities across occupation and across three major sectors of the economy (manufacturing, services and primary plus energy) for 1980-2005. The study concluded that, highly skilled occupation gains from the services offshoring, while production workers (unskilled) benefit from materials offshoring.
For the developing countries, studies on the relationship of standard trade measures and skilled workers demand are quite numerous 10 , particularly for Latin American countries. Fewer studies focus on the impacts of the new forms of trade -international production sharing for Asian developing countries. Robertson (2004) and Feenstra and Hanson (1997b) focused on Mexico, Pavcnik (2003) on Chile, and Arcabche et al. (2004) on Brazil. For Peru, Mazumdar and Quispe-Anoli (2004) focused on input materials, domestic as well imported as determinants for rising wage inequality for the period within 1994-2000. In particular, the study focused on the within-industry increase in wage inequality. The paper showed that capital accumulation and not technology is responsible for increments in demand for skilled labour in Peru. Pavcnik (2003) focused on relative skilled demand within manufacturing plant in Chile for 1979 -1986 . Meanwhile, Meschi et al. (2011 utilized the plant-level data for Turkey. Both studies found positive association between trade measures and relative skilled workers demand. Thangavelu and Chongvailavan (2009) explored the effects of materials and services outsourcing for Thailand manufacturing industries. The study suggested that material outsourcing is skilled-biased. Fajnzylber and Fernandes (2009) analysed the imported inputs, export and FDI effects on skilled labour demand. The study used data for Brazil and China and showed that imported inputs and FDI increase skilled worker demand for Brazil, but the opposite effect for China. Thus, for China, FDI and imported inputs are made to utilise the comparative advantages, the bulk of which is unskilled labour's assembly activities which hence increases relative demand for unskilled workers. For Brazil, FDI as well as imported inputs are skilled-biased or enhancing demand for skill.
Several studies have analysed the association of trade linkages and changes in labour demand or wages for Malaysian manufacturing sector. The earliest, Robbins (1996) found that the wage gap between educated and less educated workers had narrowed over the period 1973-1989 for exporting sectors. Berman and Machin (2000) focused on the effect of cross-border technological transfer (measured by U.S. R&D intensity and computer used) and found that cross-border technological transfer reduced the relative demand for skilled workers in Malaysia within 1980-1990; indicating that the technological transfers are unskilled biased. Using SITC trade data, Devadason (2005) focused on the effects of fragmentation trade on relative labour demand for Malaysian manufacturing industries. Also, Devadason (2011) used balanced panel of 19 major industry groups (3-digit SITC) within 1983-2004 and found that growth of imports reduced growth of skills share in these industries. McNabb and Said (2013) analysed the sources for the changes in skilled workers demand by focusing on trade and technical changes. The study matched trade data (3-digit SITC) with the Household Income Survey (for the year 1984, 1989, 1992, 1995, and 1997) . The measures of wage inequality in the study (standard deviation of wage distribution, and the ratio of the 90 to 10 per cent deciles) showed decreasing trends over the period 1984-1997. Results suggest that trade liberalisation and TFP growth in Malaysian manufacturing industries are biased towards the less educated or unskilled workers. Even though the results are fairly conclusive, these studies suffer from several empirical issues including measurement problems as well as aggregation bias due to the nature of the database used.
Most of the studies on this issue presumed that imported inputs affect all industries equally by pooling the data across all industries. Only some studies focused on particular industry, for instance, the study by Anderton and Brenton (1999) focused on textiles and non-electrical machinery, Pavcnik (2003) study all manufacturing industries as well as focus on electronic, as done by Head and Ries (2002) for Japanese plants and Görg and Hanley (2005) . Using plant-level data for the Irish electronic industry for the period 1990 to 1995, Görg and Hanley (2005) investigate the implication of international outsourcing on labour demand especially the short-run employment effects in outsourcing plants. Specifically, the study differentiated two types of outsourcing, i.e. materials and services outsourcing. Results showed that international outsourcing, both level and changes reduce plant-level labour demand for Irish electronic industry in the short run, and the outsourcing of materials has a stronger negative effect than the outsourcing of services.
Horgos (2009) examine the issue of measurement and aggregation bias when studying the impact of international outsourcing on German labour market, particularly wage differential between high-skilled and low-skilled labour for 1991-2000. To test for the potential of aggregation bias, the study use both aggregated and disaggregated-level industries. Empirical results in the study have shown that measurement differences as well as aggregation of data are crucial in determining the significant role of international outsourcing to German's labour markets. 11 . The datasets contain basic establishment-level information on manufacturing, including number of establishments, number of employed workers, salaries and wages per annum, fixed assets, cost of inputs, gross output, value added, foreign equity share, value of imported raw materials, and value of exported products 12 . Recent production process of goods becomes disintegrated where each country specialises in a particular stage or process of a good's production sequence. The growing internationalization of production process and trade means that no single measure can capture the importance of trade linkages in a given industry. The uniqueness of our database provided by DOSM is that it gives information on broad trade activity, including imported inputs, goods that are exported as well as foreign share or FDI; hence, enabling this paper to examine the whole spectrum of international linkages, including international outsourcing, export and vertical trade as well as controlling the foreign ownership structure of the firms. Hence, the analysis in this paper involves an empirical investigation on the effect of 'a wide measure of international linkages' effects on skill demand, namely vertical trade, outsourcing (imported inputs) and export of goods.
Empirical studies proxy the international fragmentation of trade by computing the intensity of imported inputs 13 . However, these measures seem to be relatively broad when considering the trade composition for Malaysian E&E industries that have high share of imported inputs as well as high share of exported goods. Hummels et al. (2001) defined vertical specialization trade as when imported inputs are used by plants to make goods or goods-in-process that are in turn exported to other countries. Hummels et al. (2001) computed an index 14 to measure the vertical trade, which we refer to as the narrow or true measure of international outsourcing (Chen et al. 2005) .
For our estimation, we use the vertical trade intensity (VTQ) measure of Khalifah and Azhar (2014) at the establishment-level. The index is based on the production box of establishment methodology (refer to Khalifah & Azhar 2014 for further explanation and Khalifah & Jaafar 2017 for an application of the effects of trade on technical efficiency of establishments in the E&E industries). According to this index, vertical trade (VT i ) is defined as the volume of overlapping exports (X) and imported inputs (Minp) as follows:
where i refers to establishment indexes and X i is exports for establishment i and Minp i is imported inputs for establishment i. Hence, the intensity of vertical trade is measured by the share of vertical trade in the gross output (Q) of the establishment, as follows 15 :
where X i and Minp i are defined as above; while Q i refers to gross output of the establishment i. The index is expected to directly and accurately measure the intensity of vertical trade as opposed to commonly used indices in the previous literature which heavily relied on industrylevel data and Input-Output tables (to estimate trade or foreign components of inputs). In addition to the vertical trade intensity, we also use outsourcing intensity as a broad measure of international fragmentation trade as used in previous literature. For outsourcing intensity for each firm i at time t, we compute the share of imported inputs in total inputs. Additionally, we measure export intensity of firm i at time t by the ratio of exports to total output 16 . Imports are deflated using an import deflator at the 5-digit MSIC while cost of inputs is deflated using an intermediate input deflator at the 5-digit MSIC. The value of exported goods and outputs are also deflated using an output deflator at the 5-digit MSIC.
For skill intensity, two measurements are commonly used, i.e. share of wages of skilled workers in total wage bill and share of skilled workers in total employment. In this article, we compute skill intensity by employment share of skill workers, i.e. ratio of skilled workers in total employment. Total employment only considers the full-time paid employees. The database provides detailed information on occupational category (i.e. nonproduction and production workers) which we use to group the workers into skilled and unskilled workers. We follow most previous studies which refer to skilled workers as non-production workers in managerial, professional, technical and supervisory positions (among others: Berman et al. 1994; Devadason 2005; Feenstra & Hanson 1996; Head & Ries 2002) . Meanwhile, unskilled workers refer to the sum of production workers, including production or operative workers directly employed as well as employed through contractors 17 . The DOSM database (made available to us) provides information on total amount paid by each establishment without classifying the data into occupation category. Therefore, we cannot construct the share of skilled to total wages as well as share of unskilled to total wages. Hence, analysis in this study uses the real average wages. In this article we use four different proxies for firm's scale, interchangeably, i.e. value of gross outputs (value of sales of goods less the change in inventories), value added (value of gross outputs minus inputs costs) and the ratio of establishment's outputs (also value added) to 5-digit sub-industry's average outputs (value added).
Capital intensity is measured using the ratio of capital stocks to total outputs 18 . Most studies use dummy variable to control for foreign ownership status or skillbiased effect of FDI. The dataset provided by DOSM has the information on foreign share which enable the study to directly analyse the impacts of foreign ownership intensity on skill demand within firms. Most studies use the share of ICT Table 2 shows the correlation matrix for our variables. Focusing on trade measures, negative associations are revealed between export intensity, outsourcing intensity and vertical trade with skill intensity. These preliminary analysis show that trade linkages tend to decrease skill share for Malaysian E&E establishments.
EMPIRICAL STRATEGY
In line with previous studies, we use the skill share equation derived from a translog cost function in our estimation procedure. The cost minimization and some parameter restriction yield a factor share equation that is usually estimated as the following expression: 
where subscripts i and t denote 5-digit MSIC establishments and years, respectively; is the skilled workers employment share; is average wages, K is capital, Q is output, F is foreign share (FDI), O is outsourcing intensity, X is export intensity, and V is vertical trade intensity. u i is establishment specific fixed-effect, Year is time trend and ε it is observation specific error, and β parameters are estimated coefficient for explanatory variables. Logarithmic transformation has been applied to all variables, except for vertical trade intensity index.
In the estimation, we replace the relative wages with average wages due to the unavailability of wage data for skilled and unskilled labour. We estimate the dynamic version of skilled share equation and allow for labour adjustment costs by including the lagged dependent variable (LDV) as one of our regressors. The significance of parameter β 1 confirms the dynamic nature of our panel model. The coefficient for relative wages (β 2 ) is ambiguous, depending on the elasticity of substitution between skilled and unskilled labor. If the coefficient for the capital intensity variable is positively significant (β 3 > 0), we conclude capital-skills complementary (or capital substitutes for skilled workers if parameter β 3 < 0). Total output reflects firm's scale effect. If β 4 > 0 and statistically significant, as production increases, firm is predicted to increase demand for skilled labour. If parameter β 4 is not significant, then output growth is not related to skill-share growth.
Parameter β 5 is the estimated coefficient for foreign share or FDI variable. Devadason (2011) used FDI to measure the potential existence of foreign technology upgrading (indirectly). The positively significant sign of the coefficient of FDI (β 5 > 0) reflects skilled biased technological cross-border transfer when capital-skill complementarity exists as well. In Head and Ries (2002) , the signage for statistically significant coefficient for FDI variables acts as a predictor for type of FDI, i.e. whether horizontal or vertical FDI. If β 5 < 0, FDI is mostly vertical where the extent of technological transfer is lower, i.e. the activities (or stage of production) shifted to developing countries are unskilled intensive, and hence lead to increase in demand for unskilled labour. If the FDI is mostly horizontal (replicate downstream activities -when trade cost is high and economics of scale low), then β 5 > 0.
Parameters β 6 , β 7 and β 8 measure the effects of trade linkages on changes in skill demand; outsourcing intensity, export intensity and vertical trade intensity, respectively. The outsourcing intensity and export intensity are treated as broad measures for internationalisation. The changes in outsourcing intensity and export intensity will lead to increment in skill intensity (skill upgrading) if the coefficient for both measures is positively significant 19 . This is true when firms import unskilled-intensive inputs (outsource unskilled-intensive activities) and concentrate on skilled-intensive tasks, imported inputs are complementary to skilled workers. Additionally, the opposite sign is true if the firms outsourcing the skilled intensive inputs or tasks and domestic task concentrate on low-end value chain. Finally, the coefficient β 8 represents a measure for international outsourcing or vertical trade (import inputs to produce goods or goods in process that will be exported). If higher trade overlap (higher imported inputs and export) leads to a reduction in skilled workers demand, the coefficient for this variable (β 8 ) will be negative. This reveals that trade linkages involve unskilled labour intensive tasks. In addition, β 8 > 0, if the activities involved are complements to skilled workers. Coefficient γ in this study, measures the indirect effect of technological progress. Technological change is skillbiased if the coefficient for the time trend is positive and significant.
For estimation purposes, we take lagged 1 and 2 for LDV, while for our explanatory variables we take both the current (contemporaneous value) and lagged 1. Following Arellano-Bond (1991) , it is expected that the adjustment in labour demand share due to the changes in the determinants (wages, capital, output, and trade measures) not being an immediate process. The adjustment towards its steady state is always delayed, depending on the passage of time as well as the deviation of previous year's actual level (employment) from its steady state level.
Endogeneity problem arises as the LDV is correlated with fixed effects and due to interrelationships among the regressors. Arellano and Bond (1991) proposed the GMM estimation to solve the problems; the first differenced equation is estimated using lagged levels of the DV as instrument, and the lagged level of regressors as instruments for the first-differenced regressors -Difference GMM estimator. However, the Difference GMM estimator of the autoregressive coefficient is often found to be downward biased in finite samples in particular, when the DV nears unit root properties. In that case, instruments in the first differenced equation are weak (Blundell & Bond 1998) . Additionally, Difference GMM estimator is also to weak if cross section variability dominates times variability and there is strong persistence in the investigated time series (Bond et al. 2001) . Efficiency improves when applying an extended GMM estimation method, the System GMM estimators.
In this analysis, we treat the relative wages, real capital and real outputs as predetermined variables which might also be correlated with unobserved firm specific effect, e.g. computer innovation. Also, the interconnection between the trade linkages within a firm might not be random for our data; hence, revealing a high correlation between imported inputs and exports which raises collinearity issues. Furthermore, outsourcing and export may also be correlated with time-invariant firm effect (e.g. productivity or managerial ability or financial constraint that affects the relative demand for skilled workers independent of technology use). Therefore, in this analysis, we treat all the three measures of our trade linkages as predetermined while the foreign share as exogenous (decision is made by the parent company).
We conduct the diagnostic test to assess the model and the validity of our System GMM estimator. First, since the first difference equation produces unbiased and consistent estimates under the assumption that there is no second order serial correlation of the error term, the Arellano-Bond (second order) autocorrelation, AR(2) is used to test for no second-order serial correlation. The test for AR(2) in first difference is more important than AR(1). This is because it will detect autocorrelation in level.
Second, the Sargan test and Hansen test are used to test for the validity of the over-identifying restriction of the GMM with the null hypothesis of strict exogeneity of our instrumental variables, i.e. the overall validity of the instruments, not correlated with errors in the first differenced equation, or strictly exogenous. If the Sargan test or the Hansen test rejects the null hypothesis of no correlation, the instrumental variables estimator is biased and inconsistent. Third, the Difference-in-Hansen test which tests for the exogeneity of each instrument is conducted.
RESULTS AND DISCUSSION
Tables 3 and 4 present the one-step System GMM estimation results. We begin by analysing the relevance of each type of trade in affecting within firm's skilled workers demand for the E&E industry. Initially, we estimate the basic model which exclude all trade linkages measures and only control for foreign ownership in addition to other standard heterogeneous firm characteristics. The results are shown in Model 1.1 in Table 3 . Models 1.2 to 1.5 in Table 3 report the results when we include the trade linkages measure interchangeably. From these results, we can conclude through which channel does trade relates to skill intensity. Including the trade measure into our basic model increases the power of the models, which consistently increases the value of Wald χ 2 test and is highly statistically significant. The highest value of Wald χ 2 is in model 1.5 when we estimate the vertical trade intensity. Table 4 reports estimation results for multiple measurements of trade linkages effect on skill intensity to solve the potentially omitted variables problems 20 . For the control variables, they will be discussed briefly. In Table 3 and Table 4 , the coefficient for the average wage variable is significant at contemporaneous and the sign is positive. The results suggest that increases in the average wages do indeed promote the relative demand for skilled workers. As reported in all models in Tables 3 and 4 , capital intensity has significant positive impact on skill demand for both contemporaneous and previous time period. Hence, the results suggest that an increase in the capital intensity favours skilled workers in Malaysian E&E firms, holding other plant characteristics constant. This verifies the complementarities between capital and skills -capital-skills complementarity hypothesis. For scale effects, the results for models in Table 3 and Table 4 generally suggest that firm output or scale has no impact on the share of skilled workers. The results are robust; the coefficient of the variable output is not significant when we use different measures of outputs.
In this section, we will only discuss in depth the significance of trade linkages variable effect on skill share. As reported in the first row for all models in Table 3 and Table 4 , we confirm the validity of the dynamic nature of our models with the highly significant coefficient of LDV for each model (positive association between skill-intensity in previous year and its current value). The results for our diagnostic test confirm the power of the models. For the Arellano-Bond (secondorder) test, in all models (1.1 to 1.5 and 2.1 to 2.3) we fail to reject the null hypothesis which concludes no second order serial correlation (no original error term is serially uncorrelated). Both Sargan and Hansen tests pass the overall validity of the instruments hypothesis in all models. Additionally, all our models also pass the Diff-in-Hansen test, confirming the exogeneity of each instrument.
For Models 1.2 and 1.3 in Table 3 , we identify the effect of outsourcing intensity and export intensity on skill intensity within firms, respectively. The results show that the estimated parameter for outsourcing intensity (ratio of imported inputs to total inputs) is positive and significant at 10% level. This indicates that outsourcing (broad measure) contributes significantly to skill upgrading for E&E firms 21 . The result is similar to the studies by Feenstra and Hanson (1995 , 1996 for U.S. and Fajnzylber and Fernandez (2009) for Brazil. On the other hand, the estimated parameter for export intensity (Model 1.3) is statistically insignificant which suggests that exports activities are not relevant in influencing skill intensity within the firms. The results reflect the fact that, at least during this period, export does not impact skill demand for Malaysian E&E industries. Fajnzylber and Fernandez (2009) found a negative association of export intensity and employment share as well as wage bill share of skilled workers in Brazil and China. However, due to the large volume of overlapping exports and imported inputs within Malaysian E&E firms, we should be careful in drawing conclusion regarding the role of international outsourcing and export activities in determining skill demand within firms in this sector. Therefore, we are unable to provide robust evidence to support the notion that imported inputs and exports of goods would increase the skill intensity within plants, at least for Malaysian E&E industry within the period under study. Our data do not support the skilled-biased outsourcing or the skill-enhancing trade (SET) hypothesis, particularly for E&E sector.
Following Meschi and Vivarelli (2009 ), Meschi et al. (2011 ) and McNabb and Said (2013 , we also test whether the total trade intensity (trade openness), i.e. the ratio of total trade (export plus import) to total outputs, would significantly relate to skill-intensity. The result is shown in Model 1.4 for Table 3. The estimated coefficient for the trade openness variable is positive and significant at 5% level. However, based on the above results for the ratio of imported inputs as well as export intensity, we prefer to be careful in drawing general conclusion regarding the effect of total trade on skill upgrading for our E&E data.
Due the recent trends in the E&E trade structure, i.e. high percentage in both imported inputs and exports where Q i = output for firm i and Q average n = average of outputs for 5-digit industry); capital intensity measured by capital-output ratio; outsourcing measured by imported input-total inputs ratio; export intensity measured by exports-output ratio; trade openness measured by the ratio of total exports and import to outputs (TO i = M i + X i /Q i where M i is imported inputs for firm i, X i is exported goods for firm i, and Q i = output for firm's i); and vertical trade intensity based on index by Khalifah & Azhar (2014) .
Source: Own estimation based on the panel data used for the study where Q i = output for firm i and Q average n = average of outputs for 5-digit industry); capital intensity measured by capital-output ratio; outsourcing measured by imported input-total inputs ratio; export intensity measured by exports-output ratio; trade openness measured by the ratio of total exports and import to outputs (TO i = M i + X i /Q i where M i is imported inputs for firm i, X i is exported goods for firm i, and Q i = output for firm's i); and vertical trade intensity based on index by Khalifah & Azhar (2014) .
Source: Own estimation based on the panel data used for the study of E&E products, our main focus is on the vertical trade measure. As mentioned earlier, we used vertical trade index by Khalifah and Azhar (2014) that captures the large volume of overlapping exports and imported inputs in E&E firms. The estimated parameter for contemporaneous vertical trade index in Model 1.5 is insignificant. Nevertheless, holding other variables unchanged, previous year's changes in vertical trade have a negative significant effect (1% level) on current changes in skill intensity. Thus, using the narrower measure of vertical trade intensity, our empirical analyses infers that changes in vertical trade intensity have led to skill downgrading within the establishments in the E&E industry. Vertical trade is unskilled biased type of trade which leads to increasing demand for unskilled workers within the period 2000 to 2005.
Model 2.1 in Table 4 reports the results when we include both outsourcing intensity and export intensity. For model 2.2 we include all three types of trade linkages, i.e. outsourcing intensity, export intensity and vertical trade intensity. Meanwhile, for model 2.3 we include only the trade openness measure along with vertical trade intensity.
Similar to Fajnzylber and Fernandez (2009) , our estimation using the single measures has been proven to be unbiased and robust. The results are consistent when we use the multiple measures (Table 4 ). The estimated coefficients for contemporaneous outsourcing intensity as well as total trade intensity are always significant for all models in Table 4 . Estimated coefficients for export intensity are never significant for all models in Table 3 and Table 4 . As in Table 3 , the coefficient for lagged vertical trade index is significant (negatively) in both model 2.2 and model 2.3. The coefficient value for vertical trade index is consistently around 0.1 for model 1.5 (Table 3 ) and model 2.2 and model 2.3 (Table 4) . Our analysis consistently suggests that, previous year vertical trade has led to skill downgrading for Malaysian E&E establishments within the period under study.
Furthermore, this study improves the previous literature by analysing the relationship between foreign ownership and skill upgrading. Most studies control for foreign ownership by using dummy variable. As reported in Table 3 and Table 4 , estimated coefficient for the foreign share (FDI) variables is robustly significant at contemporaneous and previous year in all models. The sign for parameter is negative for contemporaneous FDI, and positive for previous FDI. The results suggest that contemporaneous FDI results in higher relative demand for unskilled workers within E&E firms. This finding is similar with Devadason (2011) that found negative association between FDI and skill demand (though not significant). Additionally, our study suggests that FDI takes one year lagged to positively affect the changes in skilled workers demand. Following Amiti and Wei (2005) , we estimate the joint effects of contemporaneous and lagged FDI on skill demand. Estimation result suggests that contemporaneous and lagged FDI are jointly insignificant in determining skill demand for E&E industries. Therefore, based on both results we conclude that foreign ownership is unable to increase skill demand within the Malaysian E&E firms.
For robustness checks, we tested whether our results are consistent when re-estimating our equation using two-step System GMM. Our findings are robust across estimators. We also use dummy variables for export and import variables as well as FDI measures. The estimation results also show insignificant relationship between these regressors and skills intensity. The results provide evidence that exporters, importers and foreign firms, are unable to contribute to skill-upgrading within establishments for E&E industries.
CONCLUSION
This paper examines the relative importance of types of trade linkages in explaining the changes in skilled worker demand within firms in Malaysian E&E industries during the period from 2000 to 2005. Within this period, there is pronounced international production sharing, for Malaysian manufacturing industries, particularly in the E&E industries. This phenomenon is exhibited by the high sharing of imported inputs and exports of goods within the firms in these industries. Furthermore, the high ratio of imported inputs in total exports also shows significant vertical trade. Enhanced competition and interaction with developed countries are expected to induce skilled worker demand.
However, results show no robust significant association between both outsourcing intensity and export intensity with demand for skilled share employment. Furthermore, our empirical results suggest that vertical trade is unskilled biased or complements unskilled workers. This reveals that from policy point of view, concentration of Malaysian E&E firms in low-value added activities such as assembly tasks have led to skill downgrading within these firms. In conjunction with negative effects of changes in the foreign share on skilled worker demand, it is revealed that the presence of foreign direct investment or multinational corportations in the electrical and electronics industries does not contribute to skill upgrading within these industries as predicted by (Head & Ries 2002) ; whereby the extent of technological transfer for vertical FDI is low. Despite being major exporters of high-technology industries (Hatzichronoglou 1997 ) most of the Malaysian export oriented industries, including E&E industries, have been involved in stages of production consisting of unskilled assembly and labour intensive stages of production (Menon 1998; Devadason 2011) , which are associated with skill downgrading within firms in these industries. Export intensity of establishments are unrelated to skill upgrading; questioning the conventional wisdom of export-oriented industrialisation and technology or skill enhancement in the presence of pronounced international production sharing.
Since the E&E sector is characterized as highly skillintensive (high technology industry group), our analysis generally suggests that factor-biased effects dominate the sector-biased effects. However, for the Malaysian E&E sector, the ratio of unskilled workers is higher, which is characterised as an unskilled-labour intensive sector. Hence, analysing using a multi-sectors framework would provide more precise conclusions regarding this issue.
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